ABSTRACT. This study investigated the optimization of time of coagulation, flocculation, and sedimentation of the chemical coagulant, aluminum sulfate and natural coagulant, Tannin. It was performed an economic analysis of the process, checked the removal efficiency of color, turbidity, COD, and treatment characterization using metals, BOD 5 , and total solids. The tests were conducted in Jar Test, using different mixing and sedimentation times. The time required to provide the rapid and slow mixing were 2 and 20 minutes, respectively, for the investigated coagulants, with optimum concentration of 400 mg L -1
Introduction
Textile dyeing processes are among the most environmentally unfriendly industrial processes, because they produce colored wastewaters that are heavily polluted with dyes, textile auxiliaries and chemicals (ROUSSY et al., 2005) . Besides, textile finishing's wastewaters, especially dye-house effluents, contain different classes of organic dyes, chemicals and auxiliaries. Thus they are coloured and have extreme pH, COD and BOD values, and they contain different salts, surfactants, heavy metals, mineral oils and others.
Therefore, dye bath effluents have to be treated before being discharged into the environment or municipal treatment plant (VERA et al., 2005) .
Liquid effluents are toxic, usually nonbiodegradable, and treated with physical and chemical treatment methods. The non-biodegradability of textile effluents is due to the high level of dyes, surfactants, additives, which in general are organic compounds of complex structure (LEDAKOWICZ; GONERA, 1999) , large amount of suspended solids, highly fluctuating pH, high temperature, large concentrations of COD and considerable amount of heavy metals (e.g. Cr, Ni or Cu) (CISNEROS et al., 2002) .
The average composition of textile industry effluents may be given by: total solids in the range of 1,000 to 1,600 mg L . This description of the effluent only defines the orders of magnitude of the effluent characteristics, since its composition depends on the process and type of fiber processes (BRAILE; CAVALCANTI, 1993 The wastewater of industrial laundries is usually treated by physical and chemical processes composed of coagulation/flocculation/sedimentation. The main coagulant agent used in industries is the Aluminum Sulfate, added without a predetermined criterion and frequently in excess, with an increase in organic matter and cost of the process (BRAILE; CAVALCANTI, 1993) .
The tannin is a plant coagulant effective on a wide range of pH. Its use eliminates the employment of alkalinizing agents (such as lime or soda), does not add metals to the process and reduces the volume of sludge to be disposed. Also, due to its organic composition, it may be biologically degraded or thermally eliminated (ÖZACAR; SENGIL, 2000; ÖZACAR; SENGIL, 2003; TANAC, 2003) .
In the last twenty-five years, the Brazilian industry has not only been interested in the idea but also effectively invested in research and development of biodegradable organic flocculants of plant origin. Some tannin-based flocculants are manufactured and marketed for clarification of water with effective results both as primary flocculant and flocculation auxiliary agent (BARRADAS, 2004) .
In this way, the present study aimed to characterize the effluents of a stamping industry, located in the municipality of Floraí (Paraná State), and to determine in an laboratory the optimal conditions for the coagulation-flocculation treatment using chemical coagulant (Aluminum Sulfate) and natural coagulant (Tannin). ) into an effluent sample (500 mL) in test beakers.
Material and methods

Effluent
The speed used in the Jar-Test to promote a fast mixing was set at 90 rpm, while the speed to promote a slow mixing, at 35 rpm, for all tests. The Table 1 lists the variation in the rapid mixing time (RMT), slow mixing time (SMT), and sedimentation time (SED).
After the coagulation/flocculation test, the samples were kept at rest for 20 or 30 minutes for the sedimentation of the flocculated material. Then, the supernatant of each beaker was collected for analyzing the parameters, in order to verify the removal efficiency by comparing the results with the raw effluent.
The parameters, COD, color, turbidity, were determined according to the methods established in Standard Methods for the Examination of Water and Wastewater (APHA, 1995) , being the results expressed in mg O 2 L -1 , PtCo-APHA and FAU, respectively. The analyses were made using HACH spectrophotometer (model DR/2010), with measures of color, turbidity, and COD at the following wavelengths, respectively: 455, 860 and 600 nm.
The pH of the samples was measured using a digital pHmeter (Digimed). The heavy metals concentrations in the liquid samples were determined using a Varian atomic-absorption spectrophotometer (model SpectrAA B50).
Results and discussion
Characterizing the raw effluent
The characterization of the raw effluent followed the same standards of analysis of the treated effluent after coagulation/flocculation for the analysis of pH, COD, color and turbidity. The results are presented in Table 2 .
No significant variation was detected for the pH of the raw effluent, with the values between 7.19 and 7.49, and within the range recommended by CONAMA (pH between 5 and 9).
On the other hand, COD, color and turbidity presented significant variations between the Acta Scientiarum. Technology Maringá, v. 35, n. 1, p. 83-88, Jan.-Mar., 2013 sampling months (Table 2) . This variation was due to the large amount of inputs used in the industry (soap, detergent, fabric softener etc.), dyes and wastes released during the process. Other explanation is the change in the company production, producing fabrics according to the seasons. The physical and chemical parameters herein examined to characterize the raw effluent presented high levels. This evidences the need for improvements in the treatment to reduce the impact of the effluents to the environment.
Nevertheless, we sought alternatives for optimization and improvement of the treatment plant, through coagulation/flocculation, by studying different coagulant agents.
Characteristics of the treated effluent
The characterization of the treated effluent followed the same standards described for treating the raw effluent through coagulation/flocculation. The time and speed of rotation used in the industry were also used in laboratory. The rapid mixing speed was set at 90 rpm, and the slow mixing speed, at 35 rpm. The rapid mixing time was 5 minutes, and the slow mixing time was 30 minutes, and sedimentation lasted 30 minutes. The results are found in Table 4 . There was a significant variation in COD, with higher values in the first and in the last sampling months (Table 4) .
For color and turbidity, variations occurred from one sampling to another, justified by the amount of inputs used in the industry (soap, detergent, fabric softener, etc.), dyes and wastes released during the process. However, the pH presented the highest stability in the values, within the range established by CONAMA (pH between 5 and 9).
Some physical and chemical values of the treated effluent are presented in Table 5 , relative to May 2010. The treated effluent had a significant reduction in the analyzed parameters in comparison with the raw effluent. But this reduction was also achieved by using other coagulant agents, as showed below.
Coagulation/flocculation
The results of the coagulation experiments performed with the three coagulants used in the study are presented as follow.
Aluminum Sulfate: The coagulation/flocculation experiments were undertaken in Jar-test, applying different concentrations of aluminum sulfate, varying the time of rapid mixing, flocculation and sedimentation, in order to determine the best conditions for the process, as described in Table 1 .
In Table 6 are summarized the percentage of removal of COD, color and turbidity using the aluminum sulfate as coagulant agent, as well as the optimal concentration added and the pH after coagulation, for each test. , and for all the other tests was 600 mg L -1 . The pH valuewas reduced in all tests, since the effluent from the industry has a pH between 7.19 and 7.49, resulting in a slightly acid treated effluent, within the range recommended by Conama (2005), between 5 and 9.
According to the Tukey's test, at 5% significance level, there were significant differences between the variables, except for COD between the tests c and f, and for the color of the tests a, b and c.
The best result of coagulation/flocculation was found for the test e, with concentration of 600 mg L -1 , due to the best performance regarding the analyzed parameters.
The Figure 2 shows the efficiency in removing COD, color and turbidity of the coagulation/ flocculation treatment for the different concentrations of the coagulant, relative to the test e), due to its best performance. Therefore, for the treatment of the raw effluent from the stamping industry, where the average initial COD is 4,500 mg O 2 L -1 , the best removal of COD, color and turbidity was achieved when using 600 mg L -1 of aluminum sulfate (Figure 2 ). Physical and chemical characteristics of the effluent treated with aluminum sulfate are presented in Table 7 . In this treatment, we used the optimal dosage of the coagulant (600 mg L -1
) to obtain these results. According to the Table 9 , the application aluminum sulfate of removed a considerable organic load, and reduced the levels of metals present in the effluent. Tannin: For the coagulation/flocculation test performed in Jar-test, it was employed the same methodology of the chemical coagulant.
A summary of the percentage removal by tannin, optimal concentration added, and pH after coagulation for each test is presented in Table 8 . The Tukey's test was applied for the multiple comparisons of the mean values of COD, color, turbidity of the treated effluent with different tannin concentrations, at a significance level of 5%. The statistical analysis was performed using the software Statistics (2007) version 7.0.
Considering the results of the Table 8 , no significant variation was detected for pH after coagulation/flocculation, given the slight reductions in pH in relation to the raw effluent, which has a pH between 7 and 7.5. The optimal concentration added for all analyzed tests was 400 mg L -1 . Significant differences were found between the mean values of COD, color and turbidity for the tests, except for COD of the tests a and d, and for the color of the tests a and d, b and e, and c and f (Table 8) . Besides, among the tests performed, the test e presented the best optimization of the coagulation/flocculation time, with optimal concentration added of 440 mg L -1 . The Figure 3 illustrates the efficiency in removing COD, color and turbidity of the coagulation/flocculation treatment for the different concentrations of tannin, relative to the test e, due to its best performance. The effluent treated with tannin in the coagulation/flocculation process presented physical and chemical characteristics listed in Table 9 . In this process, the optimal dosage (400 mg L -1 ) was used to obtain these results. According to the Table 9 , the application of tannin removed a considerable organic load, and reduced the levels of metals present in the effluent.
For to Zhan and Zhao (2003) , tannin provides favorable conditions for removing metals from acid waters. In general, in Table 9 , all the parameters had a removal with the use of tannin.
Costs
Aiming to provide a view of the economic aspects involved in the replacement of aluminum sulfate by tannin, it was established a comparison of costs for each coagulant based on optimal conditions obtained in the tests. The complete list is described in Tables 10 and 11 .
Moreover, the influence of the concentration of tannin on the parameters investigated is less significant than of aluminum sulfate. Thus, given an eventual minor addition of tannin, the reduction percentage will not be badly undermined. The use of tannin as a coagulant enables a saving of up to 15% when compared to aluminum sulfate, even being initially more expensive.
Conclusion
The main characteristics of the effluent generated by the stamping industry were: neutral pH, significant amount of total solids and metals, high COD and BOD 5, dark color and high turbidity.
The treatment using the natural coagulant, tannin, removed the largest amount of organic matter (expressed in COD) with the lowest concentration of coagulant added, 400 mg L -1 , with 94.81% removal for this concentration.
The natural and chemical coagulants presented a very effective removal of color. For tannin, the color removal reached 99.17%, and for aluminum sulfate, 99.06%.
For the characterization of the effluent considering BOD 5 , total solids, and metals, there was a decrease in these parameters with both coagulants, but tannin had the best results. 
